Nephrovite. By using the conditional logistic regression analysis, the odds ratios for lower than predetermined cutoff levels in patients receiving dialysis were significant for vitamin C, potassium, and the 2 previously mentioned carotenoids (odds ratio between 3.50 and 7.50, P Ͻ .05).
Conclusions: Patients receiving dialysis may consume significantly lower amounts of potassium, vitamin C, and dietary fibers as well as lower amounts of some carotenoids. The FFQ seems to be a useful tool to compare dietary intake of MHD patients with other groups, although it may underestimate the amount of daily protein and energy intake and, hence, may not be an accurate tool for individual assessment of food intake. More studies are required to evaluate the validity of the FFQ in dialysis patients. The lower vitamin C, fiber, and carotenoid intake of MHD patients may be atherogenic. Hence, the hypothesis is proposed that prescribed restrictions in potassium in MHD patients may lead to reduced fruit and vegetable intake, leaving meat and fats as the main source of calories. This may contribute to atherosclerosis and increased cardiovascular morbidity and mortality in these patients. This hypothesis needs to be evaluated in future studies. M ALNUTRITION OCCURS at high prevalence in conjunction with end-stage renal disease (ESRD) patients who undergo maintenance hemodialysis (MHD) treatment and may be a risk factor for increased morbidity and mortality in these patients. [1] [2] [3] It is generally believed that the quality and quantity of food intake in MHD patients may play a major role in the development of the dialysis-associated malnutrition and the subsequent complications, such as an increased risk of cardiovascular disease. 4, 5 Food frequency questionnaires (FFQ) have been used extensively in epidemiologic studies to evaluate the characteristics of food intake among diverse populations. 6-9 However, the use of FFQs in dialysis patients has not been well studied. We used Block's FFQ (version 98), an 8-page self-administered questionnaire widely used in epidemiologic studies, in a group of patients on hemodialysis and compared the results with a group of control individuals without any known kidney disease. We hypothesized that the FFQ is a useful tool to assess the food intake differences between the dialysis and nondialysis populations. Moreover, we examined the hypothesis that MHD patients have low intake of various essential nutrients when compared with nondialytic individuals.
Methods

Case Subjects (MHD Patients)
The outpatient chronic dialysis unit of Fresenius Medical Care in Berkeley, CA, under the care of East Bay Nephrology Medical group, treated 102 adult MHD outpatients at the time of the study, who all resided in the San Francisco Bay area. For this study, inclusion criteria were age between 18 and 80 years, uninterrupted thrice-weekly MHD treatment for at least 6 months, ability to read and understand English or Spanish adequately to answer the food intake questions, and ability to ingest food independently at least 3 times a day. Patients who had major debilitating diseases, including acquired immunodeficiency syndrome, severe (stage III or IV) congestive heart failure, severe lung disease, or terminal malignancies, were excluded. Other exclusion criteria were hospitalization in the last 3 months except for dialysis access-related admissions, inability to ingest regular solid food, major psychiatric diseases or severe dementia, and gastrointestinal or neurologic diseases that interfered with food ingestion. Out of 41 eligible MHD patients, 32 individuals agreed to enroll into the study and participated in the preliminary interview, including answering the food intake questions. Two patients did not complete the questionnaires despite multiple approaches by the interviewers and were withdrawn from the study. Hence, 30 MHD outpatients (15 men, 15 women) were studied. Ages ranged from 27 to 80 years (mean Ϯ SD, 55.8 Ϯ 14.6 years) and the vintage (duration of chronic intermittent dialysis therapy) varied from 6 months to 10 years (42 Ϯ 29 months). They included 16 African Americans, 8 whites, 4 Hispanics, and 2 Asians. The dry body weight (69.1 Ϯ 19.6 kg) was the average edema-free weight immediately at the end of the hemodialysis sessions.
Controls
To select controls subjects for the study cases, an archive of 1,610 individuals who were not known to have kidney diseases and were not undergoing hemodialysis treatment were used. The archive included data on food intake by using the same FFQ used for the case subjects from several epidemiologic studies. All control individuals resided in the San Francisco Bay area. The data pool included the detailed FFQ results of the controls along with demographic data including age, sex, and race, as well as weight and height at the time of the FFQ evaluation of each individual. The control list was randomized, then sorted according to the age (continuous variable), with secondary and tertiary sorting by sex and race (African American, white, Hispanic, Asian, and others), respectively. For each case, a control was sought by reviewing the previously mentioned control pool from the beginning of the list to match for age within 5-year intervals (MHD patient's age Ϯ 2.5 years), sex, and race. The first control-pool individual who met all 3 of the previously mentioned matching criteria was selected as the matched control for the case in question. Hence, 30 matched controls were selected through the previously mentioned approach and each control subject was matched to 1 case subject (MHD patient) in terms of age, sex, and race.
Block's FFQ
The full-length dietary questionnaire, also known as the Block FFQ, was originally developed by Gladys Block, PhD, at the National Cancer Institute for research into the role of diet in health and disease and has been continually updated and improved. 7, 8 The different versions of this questionnaire have been developed in a scientific and data-based approach, and have been extensively studied and validated. [7] [8] [9] The Block 98 version (developed by Block Dietary Data Systems and distributed by Nutritionquest.com, both located in Berkeley, CA) is an 8-page paper and pencil form that one can complete at home or during outpatient visits, such as hemodialysis sessions, in about 20 to 40 minutes. The FFQ includes more than 150 multiple-choice questions based on 107 food items. The first 5 questions are general inquiries concerning types of fruits, vegetables, cereal, and fat or oil that are ingested. Seventeen subsequent questions are about vitamins and minerals that have been taken regularly, such as multivitamins, including Centrum or Thera-type vitamins (Whitehall-Robins Healthcare, Madison, NJ), or herbal supplements such as ginkgo, ginseng, and so on. The next 130 items are detailed questions about food intake habits and provide extensive coverage. They ask how often a person consumes around 100 common foods. Each of these questions has 2 sets of multiple-choice answers. The first set is about the frequency of the given food item and has up to 9 options from never to every day. The second set pertains to the quantity of the ingested food and has 4 distinct levels from which to choose. At the end, there are 9 additional questions about the general impressions and opinions of the responder with regard to the questionnaire as a whole.
The completed FFQ forms undergo a fast and convenient computer analysis and the results become available in user-friendly formats. The FFQ report includes the following items: (1) the average individual intake and the recommended levels of macronutrients (calories, fat, saturated fat, monounsaturated fat, polyunsaturated fat, percent of calories from fat, protein, carbohydrates, cholesterol, fiber), antioxidants (vitamin A, betacarotene, vitamin C, vitamin E), B-vitamins (vitamin B 1 , B 2 , folic acid, B 6 , niacin), minerals (calcium, sodium, potassium, iron, zinc), food group servings (fruits, vegetables, dairy, meats, grains, fats and sweets), and nutrients from vitamin supplements, if taken; (2) the individual's top 3 dietary sources of calories, fat, saturated fat, sodium, beta-carotene, folate, and vitamin C; and (3) personalized suggestions for improving nutrition based on the individual's own reported intake (Tables 1 and 2). The Block FFQ can be either self-administered or administered by interview.
In this study, a group of trained research assistants supervised the FFQ administration while the 30 MHD patients were undergoing routine hemodialysis treatment thrice weekly in the hemodialysis unit. The research assistants were undergraduate students from the University of California, Berkeley, who underwent an intensive training course by a nutritional epidemiologist (Dr G. Block) and a nephrologist (Dr Kalantar) before the study. They interviewed and assisted those patients who were not able to answer all questions. The completed FFQ booklets were reviewed immediately after they were returned, and if any question remained unanswered, the FFQ was returned to the patient with the request to attempt to answer the blank questions. The time required to complete the FFQ varied between 20 and 55 minutes. Two patients were Spanish speaking and, because the Spanish version of the FFQ was not available at the time of the study, Spanish-speaking interviewers interpreted all questions for these 2 patients.
All FFQs were scanned at the end of the study by using an optical mark reader scanner and the results were interpreted by using a software specifically designed to analyze the FFQ information based on food ingredient data from the United States Department of Agriculture. The same Block 98 FFQ and analysis system was used to obtain data from the nondialytic individuals of the previously mentioned control pool. A sample of the results, as produced by the analysis, can be seen in the appendix.
It should be noted that the Block FFQ is not specifically designed for the dialysis patients.
Hence, dialysis-specific medications, such as calcium acetate, or multivitamins that are usually administered to dialysis individuals, such as Nephrovite (R&D Laboratories, Marina del Rey, CA), have not been accounted for accurately. In this study, all 11 patients who were taking Nephrovite were asked to answer positively a similar question concerning the intake of another multivitamin (Centrum). Hence, the computerized data analysis of Nephrovite intake was based on Centrum intake. However, Centrum or other Thera-type over-the-counter multivitamins have slightly different components when compared with Nephrovite, which is devoid of vitamin A and beta-carotene, has more vitamin B 6 (10 mg instead of 2 mg in Centrum), and folic acid (800 to 1,000 g instead of 400 g). Hence, the intake amount of these 4 nutrients (vitamin A, beta carotene, vitamin B 6 , and folate) was recalculated in all patients who were taking Nephrovite. Nevertheless, other components of these 2 multivitamin types (vitamins C, D, E, K, B 12 , thiamin, riboflavin, niacin, and biotin) are the same.
Epidemiologic and Statistical Methods
We conducted a one-to-one matched exposed-unexposed study with case-control design. 10 The main exposure was dialysis treatment and the outcome was nutrient data as obtained by the FFQ. The food intake data were initially analyzed as continuous variables. If significant differences between cases and controls were observed, the variables in question were dichoto-mized. To dichotomize the data, the most acceptable, rounded cut-off level that was able to generate the lowest P value in the conditional logistic regression model was explored among some conventional cut-off levels. We used Student t test (2-tailed) for group mean comparisons of continuous variables among case subjects and control subjects. Shapiro-Wilk test was used to assess the normality. Conditional logistic regression analysis was used to calculate the odds ratios (OR) and their 95% confidence intervals (CI) for dichotomized variables comparing case subjects (exposed) with control subjects (unexposed), who were matched for age, sex, and race. Descriptive and analytical statistics were carried out with the statistical software Stata, version 5.0 (Stata, College Station, TX). Continuous vari- *"Edit Report." Before nutrient analysis, the scanned file is examined by computerized editing to identify responses that appear questionable. If an individual questionnaire contains questionable data, all errors and warnings for that questionnaire are listed. You will receive this printable edit report for all questionnaires on the file. The possible error/warning messages for the food list, and the levels that cause a warning or error message, are shown in the table. (Different cut-points for the error and warning levels are possible.) "Warning." This alerts you to possibly questionable data. "Error." Persons whose responses exceed the defined error level are flagged on the Edit Report as "Severe Error." If possible, these persons should be queried and their responses corrected. If that is not possible, it may be advisable to exclude them from some analyses. This is particularly the case with "too many foods skipped." For other causes of severe error, such as "Too Few Foods," you should use your own judgment about the extent to which you are concerned about them.
ables are given as the mean Ϯ standard deviations. A value of P Ͻ .05 is considered to be statistically significant. Table 3 shows the demographic and anthropometric characteristics of case subjects (MHD patients) and control subjects. Control subjects were, on average, 8.6 kg heavier and 4 cm taller than the case subjects, but these differences did not approach statistical significance. The body mass index of the case subjects (25.1 Ϯ 6.0 kg/m 2 ) was slightly lower than that of control subjects (26.9 Ϯ 6.3 kg/m 2 ), but no statistical significance was observed (P ϭ .25). The MHD patients underwent hemodialysis for 3 to 4.5 hours thrice weekly. Their Kt/V was 1.35 Ϯ 0.24 (mean Ϯ SD). Their normalized protein equivalent of total nitrogen appearance was 1.12 Ϯ 0.21 g/kg/d, their serum albumin level was 3.81 Ϯ 0.53 g/dL, and serum total iron-binding capacity was 184 Ϯ 33 mg/dL. Table 4 lists the food intake results of the case and control subjects as obtained by analyzing the FFQ data. Nine MHD patients took Nephrovite every day and 2 MHD patients took it 4 to 5 times per week. The MHD outpatients had lower total calorie, protein, fat, and carbohydrate intake when compared with nondialytic controls, but the differences were not statistically significant. When these measures were normalized for weight, the calorie density and protein density intake of MHD patients and controls were similar (26.4 Ϯ 15.3 cal/kg/d v 25.3 Ϯ 10.9 cal/kg/d and 0.88 Ϯ 0.57 g/kg/d v 0.85 Ϯ 0.40 g/kg/d, respectively). In MHD patients, mineral intake appeared to be lower, among which only total daily potassium showed statistically significant differences. The MHD patients took 2,024 Ϯ 1,088 mg/d of potassium, whereas the control subjects' intake of potassium was approximately 30% greater (ie, 2,701 Ϯ 1,429 mg/d, P ϭ .04). Among lipids, the MHD patients had greater daily intake of cholesterol but lower daily intake of saturated fat, oleic acid, and linoleic acid when compared with the control subjects, although these differences were not statistically significant. There was a statistically significant difference between the amount of dietary fiber intake in the MHD cases (12.4 Ϯ 5.8 g/d) when compared with that in control subjects (17.9 Ϯ 10.6 g/d), denoting that dialysis patients consume less amounts of fiber in their diet (P ϭ .02). The MHD patients ingested lower amounts of vitamins when compared with controls. The statistically significant differences between the MHD cases and nondialytic controls were observed for the daily intake of vitamin C (84 Ϯ 63 mg/d v 127 Ϯ 70 mg/d, P ϭ .01) and 2 carotenoids, cryptoxanthin (56 Ϯ 88 g/d v 140 Ϯ 118 g/d, P ϭ .003) and lycopene (2,052 Ϯ 2,234 g/d v 4,524 Ϯ 3,979 g/d, P ϭ .004), denoting that MHD patients had significantly lower intakes of vitamin C and the 2 previously mentioned carotenoid compounds when compared with nondialytic individuals. However, the computerized analysis of Nephrovite components in those who were taking this multivitamin was based on Centrum's components; hence, the results pertaining vitamin A, beta carotene, B 6 , and folic acid had to be adjusted in those individuals who mentioned the regular intake of this multivitamin. This led to significant difference in vitamin B 6 (pyridoxine) intake among MHD patients, which increased from 1.35 Ϯ 0.82 mg (original computerized data, not mentioned in Table 1 ) to 3.95 Ϯ 0.87 mg (adjusted for Nephrovite intake). The latter number was significantly higher than vitamin B 6 intake among nondialytic individuals (1.73 Ϯ 0.94 mg, P ϭ .001). No statistically significant differences were noticed for vitamin A, beta carotene, and folic acid after adjustment for Nephrovite components.
Results
By using the conditional logistic regression analysis for the matched data, the ORs for lower than predetermined cutoff levels in patients re- ceiving dialysis as compared with nondialytic control subjects were evaluated for potassium, dietary fiber, vitamin C, cryptoxanthin, and lycopene. Table 5 lists the dichotomizing cutoff points and the calculated ORs. Seventy percent of the MHD patients consumed less than 1.9 g of potassium per day, whereas among the nondialytic controls, this proportion was only 37%. The OR of consuming less than 1.9 g/d of potassium in MHD patients as compared with control subjects was 3.50 (95% CI, 1.15 to 10.63; P ϭ .027). Although 47% of the MHD patients consumed less than 15 g of dietary fiber per day, as compared with only 20% of nondialytic controls, no statistically significant cutoff level was obtainable for daily dietary fiber intake. In terms of daily vitamin C intake, 63% of the MHD patients ingested less than 100 mg/d of this vitamin, as compared with only 30% of controls, and the OR was 4.33 (95% CI, 1.23 to 15.21; P ϭ .022). Similar results were found for the 2 carotenoids in question (ie, cryptoxanthin and lycopene), and the OR values of deficient intake were 4.59 and 7.50, respectively, with significant P values and 95% CIs (Table 5 ).
Discussion
In this study, we showed that, based on the data obtained by the FFQ, patients on dialysis may take significantly lower amounts of potassium, dietary fiber, vitamin C, and some carotenoids. Patients on dialysis appear to have a lower intake of most nutrients, including minerals and vitamins, but a higher intake of cholesterol. Hence, based on the results of this study, one might hypothesize that the patients receiving dialysis may consume an atherogenic diet. Nevertheless, it should be noted that this hypothesis has not been verified in this study. Moreover, the FFQ may be a practical and user-friendly tool to compare the information on food-intake among maintenance dialysis patients and nondialysis population and, for epidemiologic studies, to assess the nutrition-related risk of diverse disease conditions in MHD patients when they are compared with individuals without ESRD. It may also be useful to compare higher and lower food intake quantiles among dialysis patients themselves, although this approach was not performed in this study because of the small sample size.
Protein-energy malnutrition and cardiovascular diseases are 2 of the major causes of morbidity and mortality in patients with ESRD. 2, 3 It has been suggested that the interplay between malnutrition and inflammation, what may be referred to as malnutrition-inflammation complex syndrome, 11 may lead to increased levels of atherogenic cytokines and resultant cachexia observed in these patients, which predisposes them to increased rate of cardiovascular and coronary artery diseases. 2 However, the role of dietary composition and daily food intake in the development of these complications has not been well studied.
FFQs have become the major tool in studies pertaining nutritional epidemiology, and they are easy to administer and are inexpensive to process. 6,12 They have been used in major epidemiologic studies examining the relationship between diet and disease such as in the Nurses' Health Study, 13 in observational studies to compare dietary intake between groups, 14, 15 and in interventional studies to assess the composition of total diet and dietary change. 16, 17 In a recently published report of the Food and Nutrition Board of the Institute of Medicine, 18 it was acknowledged that, because of the ease of administration and entry of consumption data, FFQs are widely used in epidemiologic studies and that these types of questionnaires may be appropriate in epidemiologic studies for ranking food intake, to compare intake among different groups, or to estimate food intake-associated relative risk for disease conditions. However, the Food and Nutrition Board added that FFQ data were seldom accurate enough to use to assess the adequacy of dietary intakes of either individuals or small groups because of several limiting characteristics of FFQ. The 3 main reasons for such shortcomings were listed as (1) lack of direct quantitative assessment of individual amounts of nutrients consumed; thus, precise quantification of intake is not feasible, and the calculated intake of nutrients may underestimate the total intake of that nutrient; (2) inadequate coverage of FFQ items to include all available food items; and (3) inclusion of diverse varieties of a given food under one single food item question, and hence, failure to capture significant differences among different subtypes. However, the same report has also underscored potential limitations of other conventional food intake assessment technologies, such as a 3-day food record, because in all likelihood, an individual's observed intake during one 3-day period would differ from observed intake in another 3-day period, and both 3-day observed intakes would differ from true usual intake. 18 Two widely used FFQs are the Willett (also known as Harvard) and the Block (also known as National Cancer Institute) versions. 12, 19 The Block FFQ used in this study assesses both nutrient and food group intake and is designed to evaluate diets of a variety of demographic groups. 7, 8, 19 However, a recent report by Subar et al 20 showed that a newly developed cognitively based FFQ, the diet history questionnaire, along with Block FFQ are best used for estimating absolute intakes but that, after energy adjustment, all 3 FFQs (diet history questionnaire, Block, and Willett) perform more similarly for the purpose of assessing diet-disease risk. In this regard, it is noteworthy that the dietary protein intake in the MHD patients and the dietary protein and energy intake in the control subjects in this study were lower than published reports. 21 Not withstanding the discrepancy, the statistically significant lower intake of potassium, vitamin C, fibers, and carotenoids suggest that these intakes are indeed lower in MHD patients than in healthy control patients. The similarity in the energy and protein intakes of the MHD patients and control subjects provides further support for the likelihood that the previously noted differences between the 2 groups are real.
To our knowledge, there have been very few studies on dialysis patients in which an FFQ was used as an assessment tool. Reid et al 22 developed an FFQ to evaluate folate and zinc intake in 21 MHD patients. Facchini et al 23 used Block's FFQ in 85 patients on maintenance dialysis and in 50 healthy controls and concluded that patients with ESRD ingested an atherogenic diet. Although only available in the form of an abstract, Facchini et al 23 showed that, of 6 dietary constituents associated with cardioprotective effects (folate, vitamin E, vitamin A, total carotenoids, beta carotene, and vitamin C), all but vitamin E were significantly lower in the ESRD diet. Moreover, they showed that the patients with ESRD had significantly lower intakes of potassium, calcium, and phosphorus. They concluded that these ESRD patients maintained calorie intake by eating a high fat, high cholesterol diet, with modest to moderate reductions in protein and carbohydrate. 23 These results are essentially consistent with our findings although some differences exist.
Our FFQ-based analysis showed that the MHD patients' intake of potassium, dietary fiber, vitamin C, and at least 2 carotenoids (cryptoxanthin and lycopene) are lower than those in nondialytic control subjects. Similar to the findings reported by Facchini et al, 23 we also found a trend denoting that the MHD patients had a lower intake of other cardioprotective nutrients, but these results were not statistically significant. The differences between these 2 studies may be caused by methodology because we used one-toone matched controls for each case, whereas Facchini et al did not. Moreover, we used the latest (1998) version of the Block's FFQ, whereas Facchini et al used an older version. Nevertheless, the striking resemblance and similar trends found by both studies, despite different study settings and patient populations, underscores the significance of these findings. However, it should be noted again that the analysis of Nephrovite components, which was initially based on Centrum's components, had to be adjusted separately. We are currently involved in designing newer FFQ versions that are based on dietary and supplement intake of patients on dialysis. These FFQs will be based on more accurate information concerning the specific types of multivitamin and elements that are specifically used by dialysis individuals. Such FFQs should circumvent the previously mentioned shortcomings. Moreover, the analysis of the food components in the Block FFQ is based on the United States Department of Agriculture database, which may be slightly different than other food databases such as that of the Food and Nutrition Board. Nevertheless, such differences are subtle and the same criticism may be raised for the use of any food database.
Both our study and the one by Facchini et al found a low potassium intake among dialysis patients. This finding may lead to the generation of a new hypotheses that prescribed restrictions in potassium in MHD patients may lead to a reduced fruit and vegetable ingestion and reduced dietary fiber intake. Such dietary composition leaves meat and fats as the main source of calories, exposing the patients with ESRD to a more atherogenic diet. Moreover, a low vitamin C intake among patients on dialysis was found by both studies, despite the fact that 11 MHD patients were taking Nephrovite regularly, which contains 60 mg of vitamin C. Block et al 24 showed that vitamin C may be an important component of the effectiveness of fruits and vegetables in the reduction in blood pressure and in decreasing the risk of cardiovascular diseases among the nondialytic population. Clermont et al 25 showed a decreased vitamin C level among patients with ESRD and concluded that this might provide an explanation for the cardiovascular complications in these patients. Nevertheless, such hypotheses, no matter how attractive and inclusive, need to be tested in prospective studies. Until then, all that can be said is that the deficient fruit and vegetable hypothesis because of potassium restriction may be able to explain the increased cardiovascular risk in dialysisdependent individuals pending future studies. Moreover, the findings of our study pertaining to vitamin C may suggest that multivitamin supplements are underused in MHD patients, which may be because of Medicaid reimbursement restrictions for prescribed outpatient medications. If many more than only one third of MHD patients in our study were on Nephrovite, the deficiency in vitamin C intake in MHD group might not have happened.
In our study, the MHD patients were found to ingest fewer amounts of cryptoxanthin and lycopene, 2 carotenoids with cardioprotective and anticancer effects. Chronic diseases, such as can-cer and cardiovascular diseases, are the major causes of deaths in North America, and dietary intake of fruits and vegetables has been suggested to have protective effects against such chronic diseases. 26, 27 Abnormal oxidative stress and impaired antioxidant defense may contribute to accelerated atherogenesis associated with uremia. 28 Carotenoids are important plant pigments, which are thought to contribute toward the beneficial effects of fruit and vegetable consumption. 27 Rissanen et al 29 showed that low plasma lycopene concentration is associated with increased intimamedia thickness of the carotid artery wall in the nondialytic population. Ha et al 30 showed that plasma lycopene was significantly lower in patients with renal failure. Lim et al 27 found that elevated serum ferritin levels, known to be a marker of morbidity and mortality in patients with ESRD, 11 may affect the levels of these lipophilic antioxidants, such as plasma lycopene.
Our study is limited by the small sample size and use of historic records for the control group. Moreover, the case subjects and control subjects were not matched for multimorbid conditions. However, exactly the same FFQ analysis was used for the control subjects. Moreover, the matching methodology has strengthened the statistical selectivity of the study and the reliability of the positive results, whereas the negative results cannot prove the null hypothesis because of its limited statistical power. Furthermore, no gold standard was used to evaluate the validity of the FFQ among MHD patients. Nevertheless, the results of the study and the explored trends can be used as new hypotheses for additional studies with larger sample sizes in patients with ESRD based on FFQ and other dietary assessments. Furthermore, in this study, no validation methodology for FFQ was performed. Such an aim can be achieved by performing several 24-hour diet recalls or 3-day food records and comparing the results with that of FFQ analysis. Future studies are needed to evaluate the validation of such unmodified FFQ in patients on dialysis. Moreover, the Block or Willett FFQ has never been validated in patients on dialysis, who differ in their food intakes from dialysis to nondialysis days, who may take many more and different supplements (eg, renal vitamins, phosphate binders, and so on) than do healthy persons or other types of patients. Hence, modified versions of the FFQ based on such differences should be developed and validated for dialysis patients.
In summary, our findings are consistent with the possibility that FFQ may be a valuable tool to compare food intake among dialysis and nondialysis individuals. Based on the result of our study, we can now further hypothesize that most patients with ESRD are exposed to traditional restrictions in potassium intake, which may result in reduced fruit and vegetable intake, leaving meat and fats as the main source of calories. Because this diet may contribute to atherosclerotic disease and mortality in these patients, maximizing fruit and vegetable intake within acceptable potassium limits and optimizing the intake of antioxidant vitamins may be beneficial in reducing the risk of cardiovascular disease. However, food intake of healthy individuals differs from those who are ill in many of the nutrients they consume and in terms of their quality and quantity. Hence, an FFQ specifically designed for patients on dialysis is needed and will require validation first in prospective studies before its wide-range use. Whether the dialysis patients' diets are truly more atherogenic was not the purpose of this study and is not well documented here. More studies are required to evaluate the value of FFQ and the role of atherogenic diet in patients on dialysis. Several authors of this report are currently involved in the Nutritional and Inflammatory Evaluation in Dialysis study (NIED study), a National Institute of Diabetes, Digestive and Kidney Diseases-funded 5-year prospective study in a cohort of approximately 400 hemodialysis patients, one of whose main aims is to develop and validate the most optimal FFQ versions for use in studies in patients on dialysis. For more information on the NIED study, visit http://www.nephrology-.rei.edu/NIED.htm. Until the most optimal FFQ versions are validated, the results of such unmodified FFQs should be regarded with great caution in the dialysis population.
Sample of Computerized Analysis of the FFQ Results
Respondent ID: 123456789
The following nutrient values are estimates based on reported frequency of consumption and portion sizes on the diet questionnaire. Nutrients from vitamin supplements are reported separately.
NOTE: The values listed below are unusually low and may indicate inaccurate reporting rather than actual nutrient levels.
Average Daily Nutrients
Recommended Ranges 
